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?1???? 
1-1.  ?????????????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????persistent organic pollutants ; POPs????????????
???????????????????????????????????
??????????????????????????? 1)????? 2002
? 8?????????? 2)??????????????????????
???????????????????????????????????
???????????????????????????????????
? 3),4)? 
? ??????????????????????????????????
?????????????????????????? 1954 ??????
?????????? 1957???????????? 1970????????
3313?????????683??????????1500??????????
??????1972??? 1975?????????????????????
??????????? 30 ??????????????????????
??????????? 5)-8)??????????????????????
???????????????????????????????????
??????????????????? 9)-11)? 
? ???????????????????????????????? 12)?
????????????????????-??-??????HEPX????
??? 13)???????????????????????????????
??? HEPX?????????????????????????????
????????????????????????????????? 14)-
16)?????????????? 17)???????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? 
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? ??????????????????????GC-MS? gas chromatography− 
mass spectrometry??GC-ECD? GC− electron capture detection??HPLC-UV? high-
performance liquid chromatography with UV detection?????????????
??? 18)-20)??????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????? 21)-22??????
???????????????????????????????????
?????????????????????????????????? 23)-
26)? 
? ??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
??????????????????????????indirect competitive 
enzyme linked immunosorbent assay?ic-ELISA????????????????
????????????????????????????????????
??????Lab-on-a-CD?????????????????????? 
???????????????????????????????????
????????????????????????????????????
???????????????? HEPX?????????????????
????????????????????????????? 
??????? 1972 ?????????????????????????
????????????????????????????????????
?????????????????0.03 mg Kg-1?????????????
???????? 17), 27)???????????, ?????????????
???????????????????????????????????
???????????????????????????????????
????  
 
  
  3 
1-2.  ?????? 
? ??????????????????, ???????????????
?????????????????????????? ic-ELISA ????
???????????????????????????????????
??????????????????????????????????
???????? ic-ELISA ??????????????????????
??ic-ELISA?????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? Lab-on-a-CD????????????????????
?????  
 
1-3.? ?????? 
? ?????????????????????ic-ELISA ????????
????????????????????????????????????
??????????????????Lab-on-a-CD ???????????
???????????????? 6??????????????????
?????????? 
? 1 ????????????????????????????????
??????????????????????????????????
???????????????????????????????????
??????? 
? 2 ????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????? in vivo
?????????????????????????????????
???????????????????????? 
???????????????????????? 2????????
?????DrA-04???DrC-02???? ic-ELISA???????????
?????????????????????????????????
???????????? 
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? 3???????????????????????????????
?????????????????????? E-HyCu® ? 2?????
???????????????matrix solid phase dispersion?MSPD????
??????????????????????? 
? 4 ??????????????? 60 ???????MSPD ????
????????? ic-ELISA?DrC-02????????????????
?????????????GC−MS?????????????????
???????? 
??????????? MSPD???????????????????
?????? ic-ELISA???????????????????????
???????????????????????????????
www.hro.or.jp/list/agricultural/center/pdf/heptachlor.pdf???????????
???????????????? ?????????????????
???????? 
? 5?? Lab-on-a-CD???????????????????????
?????????????????????????????????
?????????? Lab-on-a-CD ?????????????????
?????????????????????????????????
???????????? 1 ???????????????????
ELISA ??? Lab-on-a-CD ?????????????? G ??????
?????? 
? ? 6???????????????????????? 
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?2??????????????????????????????????
??????? ELISA?indirect competitive enzyme linked immunosorbent 
assay?ic-ELISA???? 
2-1.  ???? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???? 28)?1975?? Köhler?Milstein29)????????????????
???????????????????????????????????
???????????????????????? 
??????????????????????????? Langone? 30),?
??????????????????????????radio-immunoassay : 
RIA????????????? Esser ? 31)????, ??????????
??????????????????????????????????
???????????????????????????????????
?????????????????????????????????? 32), 
33)??????DDT?????????dichloro-diphenyl-trichloroethan?34), 35)?
?????????? Manclús?????????????????????
???????????????????????????????????
????????????????? 36) ?????,???????????
???????????????????????????????????
???????????? 
 
? ? 1????????????????????????????????
???-??-??????HEPX????????? 
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  (a)? ?????? 
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 (c)? ??????-??-??????HEPX? 
 
 
? 1. ???????????????????????? 
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2-2.? ??????? 
?????????????????? 
? ?????????????, ????HEPX???? Dr. Ehrenstorfer GmbH
??????????????????????????????????
???????????????????????????-?????????
?-?????????????????-?????????-???????
???-??????????????? Dr. Ehrenstorfer GmbH??????? 
 
?????????? 
? ???????????????????????????????
?DMSO???????????????????????????????
??????????? 12??????????????????????
????????????????????? Milli-Q ??????Merck 
Millipore??????? 
 
???????-??????????????????? 
? ?????????????????BSA??????????OVA??
SIGMA-ALDRICH ??????????????????????????
? PD-10 ???? GE Healthcare??????? 
 
??????????????? 
? Tween 20 ? BIO-RAD ?????????????? TMB Microwell 
Peroxidase Substrate System?TMB????????????????????
IgG??????? Kirkegaard & Perry Laboratories, Inc.??????????
?? DS-Pharma Biomedica???????????????????????
????????96 ???????????????? Corning Inc.???
???????????????????????? Bio Wascher-50????
?????????????????? Chro Mate?R?Awareness Technology Inc.?
?????? 
 
  
  8 
??????????????? 
? ????????Balb/c????7?????SPF??Charles River Laboratories
???????????????????? Corixa Corp.? Ribi ?????
?????????? 
 
??????????????? 
? RPMI 1640???L-??????HEPES???????????????
???????????????????????????????Fetal bovine 
serum?FBS?? Equitech-Bio Inc.????????????????????
???????????PEG?1500 ? Roche Applied Science???????
??????????????? Corning Inc.??????? 
 
???????????????????? 
2,6,10,14,-?????????????????????????????
??????????????????????????????????
???????GE Healthcare? Protein G Sepharose 4FF????? 
 
2-2-1.? ???????????? 
Manclús36)??????????????????????????????
??????????????CCD1, CCD2, CCD3, CCD4?????????
????????? CCD1?CCD2 ???????????????????
??????????????????? CCD2 ?????????????
?????? CCD2??? Stanker?????? 37)????????????
????????????????????????????????? 
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? 2. Manclús36)???????????????????????????? 
 
 
Manclús36)????????????CCD1????????????????
??????? 1????????DrnA?????DrnA?????????
???????????????????????????????????
???????????? 4?????????? DrnB?????????
???????????????????????? 9??????????
CCD4????????????????????????????????
??????????????????????????????????
????????????? 4??????????? DrnC???????
?????? 3????????????????????????????
??????????????????????????????? 2-???
????-1-?????? DrnA? 5-????????? DrnC???????
????DrnA??-??????????????????????????
?????????? DrnB??????????? 
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? 3.?  3????????DrnA, DrnB, DrnC??????? 
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??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? 38)???????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
N-?????????????HOSu???????????????????
??????????? 
???? 3???DrnA, DrnB, DrnC?????????????????DrnA-
OSu, DrnB-OSu, DrnC-OSu????????????????????????
????????????? 
 
? 4.?  3?????????????????????  
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3 ??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????DMSO?????????????????
DMSO ????????????????????????????BSA??
?????BSA?MW 66K????????????????????????
??????????? 59 ????????? 30?35 ??????????
????????????????? 20?1???BSA 15 mg (0.227 µmol)??
?????????? 4.54µmol???????????50% (v/v) DMSO-? 1.0mL
? BSA???30 mg/mL, 100 mM???????pH8.0??500 µL??????
?????????? DMSO ?? 500 µL ????????????????
??????????????????????PBS????????????
???PD-10??????????????DrnA-BSA, DrnB-BSA, DrnC-BSA??
???? 10mgBSA???????????? 
 
 
? 5?3???????? BSA????????????? 
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ic-ELISA ??????????????????????????????
????????????????????????????????DrnA-
BSA, DrnB-BSA, DrnC-BSA???????????????????????
????????????????????????? BSA ???????
?? OVA ??????????????????????????????
?????????????????????????? 
OVA?MW 45K???????????????????????????
???????? 20 ?????????????????????????
???????????????????? OVA ????????????
???????????????????????? 3???10?1, 8?1, 5?
1????OVA 10mg (0.222 µmol)???????????????? 2.22 µmol
?10????1.78 µmol?8????1.11 µmol?5??????????????
B50%(v/v) DMSO?? 1.0mL ? OVA ???20 mg/mL, 100 mM ??????
?pH8.0??500µL???????????????? DMSO?? 500µL??
????????????????????????? PBS????????
??????PD-10??????????????DrnA-OVA, DrnB-OVA, DrnC-
OVA?????? 7mgOVA???????????? 
 
 
???????BSA??????????? 
BSA 15mg (0.227 µmol)?????????????DrnA-OSu 2.25 mg?4.54 
µmol?, DrnB-OSu 2.57 mg?4.54 µmol?, DrnC-OSu 2.20 mg?4.54 µmol????
?????????50%(v/v) DMSO-? 1.0 mL? BSA???30 mg/mL, 100 mM
???????pH8.0??500 µL???????????????? DMSO?
? 500 µL??????????????????????? 2.0mL? PBS?
?????????????PD-10??????PBS?????3.5 mL?? 5.0 
mL?????DMSO?????????????????????????
??????????????DrnA-BSA, DrnB-BSA, DrnC-BSA???????
?? 10 mg BSA??????? 
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OVA????????10?1???? 
OVA 10mg (0.222 µmol)?????????????DrnA-OSu 1.11 mg?2.22 
µmol?, DrnB-OSu 1.26 mg?2.22 µmol?, DrnC-OSu 1.07 mg?2.22 µmol????
?????????50% (v/v) DMSO?? 1.0 mL? OVA???20 mg/mL, 100 mM
???????pH8.0??500 µL???????????????? DMSO?
?(4.44 µmol/mL) 500 µL ???????????????????????
2.0mL? PBS??????????????PD-10??????PBS?????
3.5 mL?? 5.0 mL????? DMSO??????????????????
?????????????????????DrnA (10:1)-OVA, DrnB (10:1)-
OVA, DrnC (10:1)-OVA????????? 7mg OVA??????? 
 
OVA????????8?1???? 
OVA 10mg (0.222 µmol)?????????????DrnA-OSu 0.88 mg?1.78 
µmol?, DrnB-OSu 1.01 mg?1.78 µmol?, DrnC-OSu 0.86 mg?1.78 µmol????
?????????50% (v/v) DMSO-? 1.0 mL? OVA???20 mg/mL, 100 mM
???????pH8.0??500 µL???????????????? DMSO?
?(3.56 µmol/mL) 500 µL??????????????????????? 2.0 
mL ? PBS ??????????????PD-10??????PBS ?????
3.5 mL?? 5.0 mL????? DMSO??????????????????
?????????????????????DrnA (8:1)-OVA, DrnB (8:1)-OVA, 
DrnC (8:1)-OVA????????? 7mg OVA??????? 
 
OVA????????5?1???? 
OVA 10mg (0.222 µmol)?????????????DrnA-OSu 0.55 mg?1.11 
µmol?, DrnB-OSu 0.63 mg?1.11 µmol?, DrnC-OSu 0.54 mg?1.11 µmol????
?????????50% (v/v) DMSO-? 1.0 mL? OVA???20 mg/mL, 100 mM
???????pH8.0??500 µL???????????????? DMSO?
?(2.22 µmol/mL) 500 µL??????????????????????? 2.0 
mL ? PBS ??????????????PD-10??????PBS ?????
3.5 mL?? 5.0 mL????? DMSO??????????????????
?????????????????????DrnA (5:1)-OVA, DrnB (5:1)-OVA, 
DrnC (5:1)-OVA????????? 7 mgOVA??????? 
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? 6.? 3???????? OVA?????????????  
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2-2-2.  ?????? 
? 1?????? Balb/c????7?????SPF?? 1? 5????????
??? 3???????DrnA-BSA, DrnB-BSA, DrnC-BSA?????????
??????????? Ribi??????????????????????
????? 100 µg/body?2???? 50 µg/body? 2????????????
??????3 ?????? 1 ????????????????????
ELISA?????ic-ELSA???????????????????? 
 
??????? 
? ???????????Phosphate buffered saline? PBS??? 0.1?0.5 µg/mL
??????????OVA ????????DrnA-OVA, DrnB-OVA, DrnC-
OVA??????OVA????5:1, 8:1, 10:1??100 µL? 96??????
??????????????????????1???????Tween 20
?? PBS? 3????????????? 250 µL???????2???
??????????????????????3???????????
? 15?????????????????20 µL? 50%?????????
?????? 1% BSA??????????????? 2?20 µg/mL? 80 
µL?????????????????????????????????
1 ????????Tween 20 ?? PBS ????????????????
??3???????????????? 3000?????????????
?????? IgG???????100 µL???????1????????
Tween 20?? PBS??????3??????????TMB?? 100?L?
??????15??????? 1M ??? 100 µL???????????
??????????????????????450nm??????630nm? 
 
ic-ELISA?????????? 
? PBS?? 0.1?0.5 µg/mL??????????OVA????????DrnA-
OVA, DrnB-OVA, DrnC-OVA??????OVA????5:1, 8:1, 10:1??100 
µL? 96????????????????????????????1?
??????Tween 20?? PBS? 3????????????? 250?L?
??????2?????????????????????????3??
?????20 µL? 50%????????B0??????100?1000 ng/mL?
  17 
??????????????????HEPX???????? 50%???
???????B?????????? 1% BSA?????????????
?? 10 µg/mL? 80?L???????1????????Tween 20?? PBS
??????????????????3???????????????
? 3000??????????????????? IgG???????100 µL
???????1????????Tween 20?? PBS??????3???
???????TMB ?? 100 µL ???????15 ??????? 1M ?
?? 100 µL?????????????????????????????
????450nm??????630nm? 
 
2-2-3.  ?????????? 
? ?????OVA????????DrnA-OVA, DrnB-OVA, DrnC-OVA????
?????????????ic-ELISA???????????????????
???????HEPX?????????????????????????
?????????? 1?2 ??????????????????????
???50 µg/body??????????? 3???????????????
????SP2/O?ATCC CRL-1581????????????????????
SP2/O? RPMI1640???10% FCS, ???????????????????
?????????????????????PEG1500??????????
???SP2/O = 5?1???????????HAT?????????????
??????????? RPMI1640 ?????????????????1?
105? 2 ?105 cells/well ????? 96 ?????????????????
37??5% CO2??????? 
 
2-2-4.  ????????????????????????????????
?? 
? ?????? 7?10?????????????????????????
?????? ELISA ???????????OVA ????????0.02?0.5 
µg/mL????????????????????????????????
???????? ic-ELISA?????????????????????HEPX
??????????????????????????????????
???????????OVA????????0.02?0.5 µg/mL??????0.2
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?200 ng/mL??????????????????????????????
????Balb/c????6?8?????SPF???????????????
?????? 1???? 50mL?HT????????????????RPMI1640
???????????????????????????????????
?????,??????????????????? 102 cells/mL?101 cells/mL
????????????????????? 100 µL /well ?? 96 ????
??????????????37??5%  CO2???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????? 4?5 ????????
???????????????????????? 
 
2-2-5.? ???????????????????? 
?????????0.5mL/body, ?????? BALB/c ????7?10 ???
??SPF?????????????????????? 1?107cells????
?? 1?2 ??????????????????????????????
????????????????????????????????????
???? Protein G Sepharose 4 Fast Flow?????????????????
???????????????????????????????????
?????????????????????????????? 280 nm ?
?????????280 nm????????1.4?????????1.0 mg/mL
??????? 39?? 
 
2-2-6.? ??????????????? 
9????????OVA????????DrnA-OVA, DrnB-OVA, DrnC-OVA?
?????OVA????5:1, 8:1, 10:1??????????????????
???????????????????????????????????
HEPX?????????????????????????? 3???DrA-
04, DrB-03, DrC-02??????10 % (v/v)?????????????????
???? ic-ELISA ????? 4 ????????????????????
??????????????????HEPX??????????????
40?? 
  19 
??????????????????????????????????
??????????????????????????-??????????
-?????????????????-?????????-????????
??-????????????????????????????? IC50 ?
?50% ???????????????????????????DrA-04, 
DrB-03, DrC-02??????????????????????? 
 
2-3.  ??????? 
2-3-1.? ????? NMR?? 
? 1H NMR?????????? JNM-ECA-500?????3???????
??????????? 
 
 
2-(4,5,6,7,8,8-Hexachloro-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoinden-1-
yl)acetic acid (DrnA).  
1H NMR (500 MHz, DMSO-d6): 𝛿𝛿 12.30 (br, 1H), 3.37 (dd, J = 15.0, 9.0 Hz, 1H), 
3.00 (dd, J = 9.0, 6.0 Hz, 1H), 2.42 (dd, J = 15.5, 5.5 Hz, 1H), 2.28 (dd, 15.8, 8.8 Hz, 
1H), 2.08 (m, 1H), 1.94 (m, 1H), 1.72 (m, 1H), 1.41 (m, 1H), 1.31 (m, 1H)  
 
3-(2-(4,5,6,7,8,8-Hexachloro-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoinden-1-
yl)acet-amido)propanoic acid (DrnB).  
1H NMR (500 MHz, DMSO-d6): 𝛿𝛿 12.20 (br, 1H), 7.99 (t, J =5.5 Hz, 1H), 3.38-3.28 
(m, 1H), 3.21 (m, 2H), 3.02 (dd, J = 9.5, 5.0 Hz, 1H), 2.35 (t, 2H), 2.21 (dd, J = 12.3, 
5.0 Hz, 1H), 2.16-2.06 (m, 2H), 1.90 (m, 1H), 1.61 (m, 1H), 1.40-1.30 (m, 2H) 
 
4-(1,4,5,6,7,7-Hexachlorobicyclo[2.2.1]hept-5-en-2-yl)butanoic acid (DrnC). 
 1H NMR (500 MHz, DMSO-d6): 𝛿𝛿 12.10 (br, 1H), 2.76 (m, 1H), 2.65 (dd, J =12.0, 
8.5 Hz, 1H), 2.21 (t, J = 6.8 Hz, 2H), 1.94 (dd, J = 12.5, 4.0 Hz, 1H), 1.65-1.55 (m, 
1H), 1.55-1.45 (m, 2H), 0.95 (m, 1H) 
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2-3-2.?  ??????????????????????????????? 
?????????????????????????????????17
???????????????????????????????????
?????????????????????????????????
?BIO-RAD  Cat. No.172-2055?????????????????? H ??
IgG1?L???????? 
? 7? ic-ELISA???????? 8??ic-ELISA???? 4???????
?????????????????????? 
 
 
 
 
? 7.? ic-ELISA??? 
 
  
ハプテン-タンパク質コンジュゲート
酵素標識抗2次抗体（抗マウス抗体）
酵素基質（発色剤）抗原（分析対象物質）
オボアルブミン
（OVA）
ハプテン
抗原特異的抗体（1次抗体）
添加
１次反応（６０分間） 洗浄
添加
抗原（分析対象物）：高濃度
抗原（分析対象物） ：低濃度
薄い
濃い
２次反応（６０分間）
洗浄
発色反応（３０分間）
発色
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ic-ELISA??????????????????????????????
??????????????????????????????????
??????????????????? 2??????????????
??????????????????????????????????
??????????????????????????????????
? 8??????????? 
 
 
   
 
 
? 8.? ic-ELISA???????  
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Analyte (ng/mL) 
免疫反応の最大値
免疫反応の最小値
分析対象物の濃度薄い 濃い
50％反応値
競合法につき50％阻
害率（IC50）と称する
50％阻害率を示す
分析対象物の濃度
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2-3-2-1.? ic-ELISA?????????? 
50% (v/v)?????−?????????????? 24?????????
???????????????????????????????????
??????? 41)??????????????? 50 % (v/v)?????−??
??????????????? ic-ELISA ???????????−???? 
???? ic-ELISA??????DrC-02??????????????????
???? 
??????????????ic-ELISA ????????????????
????????????????????????????????????
???????????????????????????????????
???????????ic-ELISA???????? 10 % (v/v)?????−??
????? 
 
 
 
? 9.? ic-ELISA???????????? 
   
J
J
J
J
J
J
0.0
0.5
1.0
1.5
2.0
0 10 20 30 40 50
Methanol ( %(v/v) )
OD450
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2-3-2-2.? ic-ELISA??? 
???? 17?????????????????????????????
?????????HEPX???????????????????????
? DrA-04, DrB-03, DrC-02? 3??????????? ic-ELISA??????
????????????????????????????????10% (v/v)
?????−???????????????????????????4??
????????????????????????????????? 10-
a?10-c??????????????n=3??  
 
 
 
 
? 10-a.? DrA-04?????? ic-ELISA???? 
????????DrB-OVA (8 : 1), 0.04 µg/mL?DrA-04?????0.02 µg/mL 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
●：ディルドリン
●：ヘプタクロル
●：ヘプタクロル-シス-エポキシド（HEPX）
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? 10-b.? DrB-03?????? ic-ELISA???? 
????????DrB-OVA (5 : 1), 0.05 µg/mL?DrB-03?????0.01 µg/mL 
 
 
 
? 10-c.? DrC-02?????? ic-ELISA???? 
????????DrC-OVA (10 : 1), 0.05 µg/mL?DrC-02?????0.02 µg/mL 
 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
●：ディルドリン
●：ヘプタクロル
●：ヘプタクロル-シス-エポキシド（HEPX）
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
●：ディルドリン
●：ヘプタクロル
●：ヘプタクロル-シス-エポキシド（HEPX）
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? 10-a?? 10-c?????????????????????????HEPX
???????? 1??????DrA-04?????? ic-ELISA??????
??????????????????DrB-03????? ic-ELISA????
???????????????????DrC-02?????? ic-ELISA??
??????????????HEPX??????????????????
????? 
 
? 1.? ??????? ic-ELISA????? 
?????
?ng/mL? 
DrA-04?? DrB-03?? DrC-02?? 
?????? 0.40 8.58 1.40 
?????? 6.63 0.40 1.86 
HEPX 2.57 4.18 1.34 
 
 
2-3-2-3.? ???????? 
DrA-04 ???DrB-03 ???DrC-02 ??????????????????
?? 2???????????????????? 
 
 
??????%?? 100??IC50????????? IC50?????????? 
???????????100 % ???? 
 
 
???????????????????????????????HEPX?
?????????????????????????????????-???
???????-?????????????????-?????????-?
?????????-?????? 8 ??????????????????
???? 11?????? 
???????DrA-04????????????????????????
????????????????????????????????????
???????????????????????????????????
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40 %?????????????DrB-03???????????? 41 %??
???????????????????????????????????
???DrC-02??????????????????????????????
?????????????????????????HEPX???????
???????????????????????????????????
DrA-04???DrB-03??????HEPX????????????????
??? 
 
 
? 2.? ??????????????????????????? 
??????? 
?IC50 ? 50%??????????? 
?????????? 100??IC50????????? IC50?????????? 
?Pr?????????? 200 ng/mL?40 ng/mL/assay??????????????
30%??????????????????? 
  
�������� DrA-04�� DrB-03�� DrC-02��
������ 100 41 116
������ 15 100 99
�������-�����-��HEPX� 21 20 100
���������������-� 100 7 200
����� 9 0.8 30
����� 104 2 83
���������� 11 0.6 Pr
���������� 40 2 60
�������������� 41 Pr Pr
-������� 18 Pr Pr
���������� 5 Pr Pr
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2-3-3? ??????? 2 ????????? ic-ELISA ??????????
???????????????????????? 
2-3-3-1.? ???????????????????????????????
???????????????? 
 
???????????????????????? HEPX???????
? 6???? 1???????????????????? A?F ?????
???????????????? 40 ng/mL (8 ng/mL/assay)???? 
??????????????? DrA-04????????????????
?? DrB-03?????????????????????HEPX??????
???????? DrC-02?????? ic-ELISA??? 6???????? A
?F??????????????????????DrA-04??? DrC-02?
??????????????????????????????HEPX??
???????????????????????????? DrA-04???
DrC-02 ????????? ic-ELISA ???????? A?F ???????
?? ic-ELISA ????????????????????????????
????????????? 
 
? 3.? ?????????????????????????? 
 
 
  
?????? ?????? ?????? HEPX
???A 2 1 1
???B 1 1 1
???C 0.4 1 1
???D 1 0.1 1.9
???E 1 0.2 1.8
???F 1 0.4 1.6
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? 11? 6??????????????????? HEPX????????
??????????????????????????? A, B, C?? 4??, 
3?????????????DrA-04, DrB-03, DrC-02?? ic-ELISA?????
???????????????????????????? 4 ??????
???????????????DrA-04?????????????????
??????????????? A???? B???? C??????????
????????????? IC50, ??? A?2.95 ng/mL???? B?5.16 ng/mL?
??? C?7.03 ng/mL??ic-ELISA????????????????????
???????????????DrB-03??? ??? A?C ? IC50? 7.70?9.79 
ng/mL??????DrC-02??? ??? A?C ? IC50? 9.41?11.3 ng/mL????
??? A, B, C ????????????????????????? ???
??? ic-ELISA????????????????????????????
????????????????????????? 1?2????????
?? HEPX???????????? D, E, F?? 5??, 3?????????
????DrA-04, DrB-03, DrC-02????? ic-ELISA????????????
????? 12????????????? A, B, C????????? 4??
???????????????????DrA-04 ???  ??? D?F ?
IC50? 4.00?4.50 ng/mL??DrB-03??? ??? D?F ? IC50? 13.6?17.0 ng/mL??
DrC-02??? ??? D?F ? IC50? 11.1?12.2 ng/mL???????????
???????????????????????? HEPX ????????
?????????????? 
DrA-04 ?????? ic-ELISA ????????????????????
???????????????????????????????????
?HEPX?????????????????????????????DrC-
02??????????????????????????????????
????????????????DrA-04????? ic-ELISA???? DrC-
02 ????? ic-ELISA ????????????????????????
?????????????????????????? DrA-04??? DrC-
02??? ic-ELISA?????????????????DrA-04??? DrC-02
?????????? ic-ELISA ????????????????????
?????????????? 
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? 
 
 
 
 (a) DrA-04?? (b) DrB-03?? (c)DrC-02?? 
 
? 11.? ?????? A?C????????????????? 
 
 
? 4.?  ???????A?C????????????????????? 
???????? 
??????? HEPX??????????????????????????? 
    
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
変化なし 変化なしディルドリンに対して濃度依存的に変化
●：混合液A ●：混合液B ●：混合液C
?????? ?????? ?????? HEPX
???A 2 1 1
???B 1 1 1
???C 0.4 1 1
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 (a) DrA-04?? (b) DrB-03?? (c)DrC-02?? 
  
? 12.? ?????? D?F????????????????? 
 
 
 
? 5.?  ???????D?F????????????????????? 
???????? 
????????????????? 1?2???????????? HEPX??
???? 
  
 
  
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
?
???
???
???
???
?
???? ??? ? ?? ??? ????
B/B0
Chlorinated cyclodienes (ng/mL) 
変化なし 変化なし 変化なし
●：混合液A ●：混合液B ●：混合液C
?????? ?????? ?????? HEPX
???D 1 0.1 1.9
???E 1 0.2 1.8
???F 1 0.4 1.6
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DrA-04???????DrC-02??????????HEPX????????
???????????????????????????????????
????????????? 
???????????????????????????????????
????????????? 
 
 
X : HEPX??? (DrA-04) ? Y : HEPX??? (DrC-02)  
D : ????????? ? ? ? Hs : ????????? 
 
 
DrA-04??? HEPX?????????? 
 ??????Dieldrin / HEPX?= 100 / 21 = 4.76 ? (1) 
  
DrA-04?????? ic-ELISA???????????HEPX??? (ng/mL)
?X?????? 
 X = D (ng/mL) ´ 4.76 + Hs (ng/mL) ? (2)      
  
DrC-02??????????????????? 
 ??????HEPX / Dieldrin? = 100 /116 = 0.86 ? (3) 
  
DrC-02?????? ic-ELISA???????????HEPX??? (ng/mL) 
?Y?????? 
 Y = D (ng/mL) ´ 0.86 + Hs (ng/mL) ? (4) 
  
?(2) ???? (4) ??  
 D (ng/mL) = (X? Y) / (4.76? 0.86) = ( X? Y ) / 3.90 ? (5) 
  
? (4) ??????? 
 Hs (ng/mL) = Y? D ´ 0.86 ? (6) 
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2-3-3-2.? ???????????????????????????????
????????????????????  
DrA-04?????? ic-ELISA ? DrC-02?????? ic-ELISA?????
???? A?F?????????? ic-ELISA?????? A?F?????
??????????????????????????? 6????????
????????????? HEPX???????????????????
HEPX????????? 
???????????????????????????????????
???????????????????????? 96.2?115 %?????
???? 88.1?125 %?????????????????????? 
?????????DrA-04?????? ic-ELISA? DrC-02??? ic-ELISA
??????????? ????????????????????????
?????????????????? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? 
 
? 6.? ??????? 2??????DrA-04, DrC-02????? ic-ELISA? 
???????????????????????????????? 
??????? ic-ELISA?DrA-04??? ??? DrC-02?????????????? n=3 
?????????????????? ????5?????? 
??????????????????????6?????? 
????ng/mL/assay? ????ng/mL/assay? ????????%?
????? ?????? ??????? ?????? ??????? ?????? ???????
???A 4.36 4.25 4.00 4.00 109 106
???B 2.39 5.95 2.67 5.34 89.5 112
???C 1.17 6.99 1.33 6.66 88.1 105
???D 3.03 5.39 2.67 5.33 114 102
???E 3.34 5.13 2.67 5.33 125 96.2
???F 3.03 5.40 2.67 5.33 114 101
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2-3-4.? ic-ELISA?????????????? 
DrA-04???????DrC-02?????? ic-ELISA??????????
??????????????????????? ic-ELISA????????
???????????????????????????????????
?GC-MS???????????????????????????????
???????? HEPX??????????????? 
 
DrA-04???????DrC-02?????? ic-ELISA??????????
????? 7 ?????DrA-04 ??? ic-ELISA?????????????
?????? 5.0?5.9 %?????? 2.6?3.9 %????DrC-02??? ic-ELISA
??????HEPX??????? 1.3?1.5 %?????? 6.2?4.2 %????
??????????????????????????? 
??????????????????????????????????
????????????? GC-MS ??????????????????
???DrA-04?????????HEPX?DrC-02???? 4 ng/mL/assay? 20 
ng/mL/assay ???????????? DrA-04??? ic-ELISA ? 88.8− 108%?
DrC-02??? ic-ELISA ?? 85.8− 129%?????????????????
???????????????????????????????????
?????????????????????? ic-ELISA?????????
????????????????????????? 
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? 7.? ic-ELISA??????????? 
?nd????????? 
?????????? n=3,?  
????????? 3?????? n=3?????? 
???????????????????????????????????????
??????????????????ic-ELISA???????????? 100%?
?????????? 
 
  
ic-ELISA DrA-04?? DrC-02??
?????? ?????? HEPX
?????????????B0? 1.191 1.396
????
8.0 ng/mL, CV (%) 5.9 1.5
40.0 ng/mL, CV (%) 5.0 1.3
????
8.0 ng/mL, CV (%) 3.9 6.2
40.0 ng/mL, CV (%) 2.6 7.2
?????
???
??A
?????????(ng/mL) nd nd
????? 4 ng/mL/assay ??
??? (%) 97.5 85.8
????? 20 ng/mL/assay??
??? (%) 88.0 101
??
B
?????????(ng/mL) nd 0.68
????? 4 ng/mL/assay ??
??? (%) 108 108
????? 20 ng/mL/assay??
??? (%) 100 129
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?3?????????????????????? 
3-1.? ???? 
??????enzyme-linked immunosorbent assay?ELISA??????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? 42), 43)????
???????????? 44)????????????????????? 
POPs ??????????????????????? 1972 ??????
??????????????????????????????????HEPX?
???????????????????????????????????
????0.03 mg Kg-1??????????????????????? 17)?  
??????????????????????????????????
??????????? ic-ELISA ??????? 45)???????????
?????????????????HEPX????????? ic-ELISA??
???????????????  
??????????????????????????????????
?????????ic-ELISA??????????????????????
????????? 46), 47)?????????????????? 1 ????
????????????????????????? ic-ELISA ?????
??????????????????????????????????
50% (v/v)?????−???????????? 24????????????
??????????????????????????????????
??? 41)?????????????? 50% (v/v)?????−????????
???????????????????????????????????
????????????????????ic-ELISA???????????
?????????? 48)????????????????????????
??????????????????????????????????
???? E-HyCu® 49)??????????????matrix solid phase dispersion?
MSPD?? 50)????????  
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3-2.? ??????? 
?????????????????? 
? ??????, ????HEPX ???? Dr. Ehrenstorfer GmbH ?????
??  
 
?????????? 
? ?????????????????????DMSO ?????????
???????????????????????????????? 12??
??????????????????????????????????
???????Milli-Q??????Merck Millipore??????? 
 
????????? 
? ??????????? Agilent Technologies?????? E-HyCu®???
????????????? 
 
??????????????? 
? ???????? Tween 20 ? BIO-RAD ??????????OVA??
SIGMA-ALDRICH???????????????HRP, maleimide activated?
? ThermoFischer Scientific??????ic-ELISA?????? TMB Microwell 
Peroxidase Substrate System?TMB?? Kirkegaard & Perry Laboratories, Inc.??
?????96???????????????? Corning Inc.???????
????????? 2?????? DrC-02??? HRP?????????
???????? 96 ???????? Greiner Bio-One ???ic-ELISA ??
?? 96???????????????? Corning Inc.??????????
????????????????? Bio Wascher-50???????????
?????????????? Chro Mate?R?Awareness Technology Inc.???
???? 
 
3-2-1.? ????????????? ic-ELISA???? 
??????? DrnC?OVA?10?1??0.08ng/mL, 100 µL?????????
???????? 96?????????????????25% (v/v) DMSO−?
????????? 20 µL?????????80 µL? HRP?? DrC-02??
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?0.04 ng/mL, 100 µL????????1?????????????????
??0.05% Tween 20 ?????????????????????100 µL ?
TMB ???????? 10 ????????100 µL ? 1M ????????
?????????????????????????450 nm, ?????630 
nm??????????????????? ic-ELISA?????B0?? 100%
??????????B??? B/B0???????????? HEPX????
? 4?????????????????????????????????
?????????????? 
 
3-2-2.? ???????? 
????????????????????????????, ??????
???????????????????????????? (26074C)??
?????????????????????????? 
Sakai???? 41)??????? 8 g??????? 40 mL???? 1?5??
50% (v/v)?????−???????25?? 24??????????????
?3000 rpm?10????????????????????????????
????? 
 
3-2-3.? ??????????????????????????? 
3-2-3-1.?  ???????????????????? 
? ?????????????150 mg??????????50% (v/v)???
??−?????? HEPX????10 ng/mL?5 mL???? vortex?? 30?
???????????3500 rpm, 1??????????????50% (v/v)
?????−? 2 mL?????????????????????????
????????????6 mL ????????50% (v/v)?????−? 2 
mL?????????????????????????????????
??????????????????????????????????
????????????????????????????????? 2 
mL????, vortex?? 30??????????????????????
??????????????????????????? 5 mL?????
???????????? HEPX ???????????????????
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?????????0.25 mL? DMSO????????? 0.75 mL????
? 25% (v/v) DMSO???????ic-ELISA????????? 
 
3-2-3-2.? ???????????????MSPD???????????? 
? ?????????????150 mg?????????????????
? 5 mL??? 1 g??????? vortex?? 30????????????3500 
rpm, 1?????????????50% (v/v)?????−? 5 mL??? 10?
? vortex??????????????????????????? 50% (v/v)
?????−? 2 mL?????????????????????????
??????????????????6 mL????????50% (v/v)??
???−? 2 mL???????????????????????????
????????????????????50% (v/v)?????−? 2 mL?
??????????????????????????????????
???????????? 2 mL????? 30?? vortex????????
???????????????????????????????????
5 mL??????????????????????????HEPX???
??????????????????????????????0.25 mL?
DMSO????????? 0.75 mL????? 25% (v/v) DMSO?????
??ic-ELISA????????? 
 
3-2-4.? ???????????E-HyCu®?????? MSPD ???????
????????? 
? ??????????????????????150 mg????????
?? 5 mL??? 1 g ??????? vortex ?? 30 ???????????
?3500 rpm, 1???????????????50% (v/v)?????−? 5 mL?
?? 10?? vortex??????????????????????????
50% (v/v)?????−? 2 mL??????????????????????
??????????????????????6 mL???????????
????????????????? 50% (v/v)?????−? 2 mL????
??????????????????????????????? 50% (v/v)
?????−? 2 mL????????????????????????? E-
HyCu®???250 mg??????????????????????????
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????????? 2 mL?????? vortex?? 30??????????
???????????????????????????????????
???????????? 5 mL????????????????????
???????????????????????????????????
????? 0.125 mL? DMSO????????. ???? 0.375 mL????
? 25% (v/v) DMSO???????????? ic-ELISA??????????
??????????E-HyCu®?????? MSPD ???????????
??????? 13????? 
 
?????????????????????, ?????????????
????????????????????? (26074C)?????????
????? 12 ?????????????????????E-HyCu®???
???MSPD??????????????????3-2-1??????? ic-
ELISA????????? ic-ELISA???? GC−MS??????????
??????????????????????? 
???????? GC-MS ??????????????????????
????????????????, ??????????????????
???????????????? (26074C)??????????????
????? 
 
  
  40 
 
 
 
? 13.?  ???????????E-HyCu®??????MSPD???????
??????  
吸着操作
・添加：5mL（抽出液）
・攪拌：30秒間
・遠心：3500rpm、1分間
・上清廃棄
土壌抽出液（50％メタノール／水）5mL（1g土壌相当）
GC粉末（150mg/15mL遠心管）
精製液：アセトニトリル 7.0mL
精製液：アセトニトリル 7.0mL
DMSO転溶
濃縮乾固
溶解：DMSO 0.125mL
添加：水 0.375mL
精製測定液：25%DMSO／水 0.5mL
（2.0g土壌相当／mL）
洗浄操作
・添加：5mL（50%メタノール／水）
・攪拌：10秒間
・遠心：3500rpm、1分間
・上清廃棄
添加：E-HyCu粉末（250mg）
添加：アセトニトリル 2.0mL
攪拌：30秒間
溶出
重層：海砂（1.0g）
添加：アセトニトリル 5.0mL
カラム（6mL）
添加： 2mL（50%メタノール／水）
乾燥：加圧（弱）空気、約60mL
移し替え操作
・懸濁：2mL（50%メタノール／水）
・繰り返し(2回）：1mL（50%メタノール／水）
・加圧（弱）
GC粉末（150mg）+ 
E-HyCu粉末（250mg/6mL）
＜第２段階＞＜第１段階＞
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3-3.? ??????? 
3-3-1.? ????????????? ic-ELISA???? 
????????? DrC-02????????????HEPX???????
??????? 45)?????????????????????????HEPX
???????????????? HEPX????????ic-ELISA????
??? HEPX?????? 
ic-ELISA??????. 14????HEPX?????????? 0.34 ng/mL?
?????? 1.08 ng/mL?????? 40)?????????2.78?3.09 %??
????1.49?3.70 %? CV?????? ic-ELISA????????????
?????????? 8?? 
? ic-ELISA?????? 100 µL? 20 µL???????????????
???????? ic-ELISA??5?????????????????ic-ELISA
???????????????? HEPX???ic-ELISA?????????
1.08 ng/mL? 5?????? 5.4 ng/mL??????? 
??????????????????????????????,???
? 1 g? 5 ng?0.005 mg/Kg??????????? 51)???????????
????????????????? ic-ELISA??????????????
??? 1g??????? 2????????????????? 
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????????-?????????????DrnC-OVA, 0.08 µg/mL (100 µL) 
?????????HRP??? DrC-02??, 0.04 µg/mL (80 µL) 
??????5% DMSO -PBS 
??????n=5 
? 14. ? ic-ELISA??? HEPX???? 
 
 
? 8.? HEPX??? ic-ELISA???????? 
???????????????????????? n=3.?  
????????? 3?????? n=3?????. 
0
0.2
0.4
0.6
0.8
1
0.01 0.1 1 10 100 1000
B/B0
heptachlor-cis -epoxide (HEPX)  (ng/mL)
???(ng/mL/assay) ic-ELISA????(ng/mL/assay) CV (%)
????
2.40 2.11 2.78
9.60 9.44 3.09
????
2.40 2.34 3.70
9.60 9.39 1.49
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? 15.? ???? ic-ELISA??? 
 
 
 
  
 
 
 
 
 
 
 
 
 
(a)??????????????? (b)????????????? 
 
? 16.? ic-ELISA?????? 
  
DrnC-OVA固相化マイクロプレート
・25％DMSO試料溶液 20μL/well （n = 2）
・酵素標識DrC-02抗体液 80μL/well
反応60分間（室温）
洗浄(300μL x 3回)
・発色液 100μL/well
反応約10分間（室温）
・停止液 100μL/well
OD 450測定
10検体／0.5プレート ： ～約90分
20検体／1プレート ： ～約90分
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3-3-2.?  ???????????????????? 
??????????????? HEPX ????????????????
??????? 50% (v/v)?????−?? 10 ng/mL ??????????
HEPX????????3-2-3-1?????????????????????
?????????ic-ELISA?????? 9???????????????
??????? HEPX?10 ng/mL/assay?????? 108?113%???????
???????????????????????????????????
??????????? HEPX???????????????????50% 
(v/v)?????−????????????HEPX ????????????
????????????????????????????? HEPX???
???????????????????????????????????
?? 
??????????????????????????????????
????????????????????ic-ELISA???????????
?????????????????? ic-ELISA?HEPX?????????
???? HEPX ??????????????????? 1g ???????
2 ??????????????????????????????????
???????????????????????????????????
??????? 
 
 
? 9.? ???????????? HEPX?????????? 
??????? HEPX?????10 ng/mL/assay 
?ic-ELISA??????n=3 
 
Test # 1 Test # 2 Test # 3 Test # 4
iC-ELISA???
(ng/mL/assay) 10.8 10.8 11.3 10.8
??? (%) 108 108 113 108
CV (%) 5.43 2.13 3.55 3.87
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3-3-3.?  ????????????????MSPD???????? 
????????????????MSPD???????????????
???????HEPX???????????????? 10????????
?????????? ic-ELISA??????????? 6???????? 4
??????? A?B?E?F??????????????????????
?????4????????? 2 ng/mL??? 10 ng/mL?????????
??????? 100%???????? 2 ng/mL ?????????????
154?202%??????????????????????????????
ic-ELISA????????????????????????? 91.0?109%?2 
ng/mL?????????90.8?109%?10 ng/mL?????????????
???????????????????????????? C?D????
???????????????????????????????????
?????? ic-ELISA?????????????????????????
????????????????????? A ??? E ????????
???????????????????????????????????
???????? ic-ELISA ?????????? A?C ??? F ?????
?? 50.0%?71.2%?67.6%?????????????????????? ic-
ELISA????????????????????????????????
????????????? MSPD ?????ic-ELISA ?????????
???????????????????????????????????
????????? 
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? 10.? ????????????????????????? 
????????? 
?ic-ELISA??????n=3,?  
?? (ng/mL/assay)???? (ng/mL/assay) ? ???????? (ng/mL/assay),?   
? nd????????? 
???????????????????? MSPD?????????????GC-MS
?????, ???????????????  
 
 
 
  
??A ?? B ?? C ?? D ?? E ?? F
??????
????
???????
????????? (ng/mL/assay) 1.85 1.12 nd nd 1.52 2.08
HEPX?????
2 ng/mL/assay
???
(ng/mL/assay)
3.67 3.07 2.76 2.52 3.69 4.04
184 % 154 % 138 % 126 % 185 % 202%
Δ (ng/mL/assay)
1.82 1.95 2.76 2.52 2.17 1.96
91.0% 97.5 % 138 % 126 % 109 % 96.0 %
HEPX?????
10 ng/mL/assay
???
(ng/mL/assay)
11.6 10.2 11.2 10.3 11.6 13.0
116 % 102 % 112 % 103 % 116 % 130 %
Δ (ng/mL/assay) 
9.75 9.08 11.2 10.3 10.1 10.9
97.5 % 90.8 % 112 % 103 % 101 % 109 %
??????
????
?
?????
????????? (ng/mL/assay ) 28.8 nd 2.98 1.39 12.8 1.52
?????????
10 ng /mL/assay
???
(ng/mL/assay)
33.8 9.67 10.1 11.6 21.9 8.28
335 % 97.0 % 101 % 116 % 219 % 82.8 %
Δ (ng/mL/assay) 
5.00 9.67 7.12 10.2 9.10 6.76
50.0 % 96.7 % 71.2 % 102 % 91.0 % 67.6 %
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3-3-4.? ??????????E-HyCu®?????? MSPD ????????
???? 
????????????????????? ic-ELISA?????????
???????????????????????? E-HyCu®???????
???????????????????????????????????
??????????????????E-HyCu®?????????????
????????????????HEPX? E-HyCu®???????????
??????98.0?105%????????????. 11???????????
??HEPX????? E-HyCu®?????????????????????
?????????????????????????E-HyCu®??????
??????????????? 
 
 
? 11.? ??????????????? E-HyCu® ??? HEPX???? 
??????????????????????????????. 
??????? HEPX?????10ng/mL/assay. 
?ic-ELISA??????n=3. 
 
 
 
 
 
 
 
  
Test # 1 Test # 2
ic-ELISA???
(ng/mL/assay) 10.5 9.80
??? (%) 105 98.0
CV (%) 2.61 3.38
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3-3-5.?  MSPD?????????????????? 
??????? 12???????????????????????????
???????????E-HyCu®?????? MSPD ??????????
??????ic-ELISA????????? GC−MS?????????? 17??
????????????????GC−MS???????????????
??????????????????E-HyCu®?????????MSPD?
?????????????????GC−MS ??????????????
??????????????GC−MS ?????????????????
?????????????ic-ELISA??????????????????
??????????????? 
????????????????????????????????? 52)?
????????????? ic-ELISA??????????????????
C18?????????????????????????????????
???????????????????????????????????
?????????????????????????? E-HyCu®?????
??????????????????????????????????
??????????????????? 53)???????????????
??????????????????? 54)???????????????
???????????????????ic-ELISA????????????
???????????????MSPD?????????????????
??????????????????????????????????
???????????????????????????????? ic-
ELISA????????????????? 
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 ?????????????? ???????????? 
  E-HyCu®?? 
 
 
? 17.? MSPD?????????????????? 
 
 
  
JJ
J
J
JJ
J
J
J
J
J
0
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0 10 20 30 40 50
y  =1.06 x
R2 =0.945
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y =1.47 x
R2 =0.935
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ic-
EL
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A 
 (n
g/
g)
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?4??????????????????????????? 
4-1.? ???? 
???????????????E-HyCu®?????? MSPD ??????
?????????????????? ic-ELISA ????????????
???????????????????????????????????
????????????? GC-MS??????????? 
 
4-2.? ??????? 
4-2-1.? ??????????????? 
?????????????????????, ?????????????
????????????????????? (26074C)?????????
??????????????????????????????? 60??
??????????????????????????????????
?????????? 60??????????????? 
Sakai???? 41)??????? 8 g??????? 40 mL???? 1?5??
50% (v/v)?????−?????? 25?? 24??????????????
?3000 rpm?10??????????????????????? 
 
4-2-2.? ??????GC-MS????? 
???????????E-HyCu®?????? MSPD ??????????
???????????????????????????0.125 mL? DMSO
????????????? 0.375 mL????? 25% (v/v) DMSO?????
??????? ic-ELISA????????? 
 
50% (v/v) ?????−???? 24???????????????????
???E-HyCu®?????? MSPD ???????????????? 60 ?
???????????????????? ic-ELISA ??????????
???? GC−MS??????????? 
????? GC−MS?????????????????????????, 
?????????????????????????????????? 
(26074C)????????????????????? GC−MS??????
???? 12??????? 
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? 12.? ????? GC−MS???? 
  
?????HP6890-5975N, Agilent Technologies.  
??????250?????????????????? 1 mL min-1?. 
???????????280?????????250?? 
??????150?????ENV-8?0.25 mm?30 m, 0.25 µm?. 
?????120??10?min-1 ?180??5?min-1?300??10 min.? 
?????????????372.374 m z-1??HEPX?355.357 m z-1?? 
??????????????????????, ??????????????
???????????????????? (26074C)?????? 
 
4-3.? ??????? 
60 ?????????? ic-ELISA ? GC−MS ????????????
GC−MS ???????????????? 34 ??? ic-ELISA ??????
????????????ic-ELISA???????????????????
?????? 26?????? GC−MS? ic-ELISA????????????
???GC−MS??????????????????????R2 =0.966??
?????????? 18?? 
???????????????????E-HyCu®???????????
?????????????????????? ic-ELISA???????
??????????????????  
 
??????????????????????????????????
???????????????????????????????????
????????????????,??????? ic-ELISA ???????
????????????????????DDT?dichloro-diphenyl-trichloroethan?
???? POPs???????????????????????? ic-ELISA
??????????????????????? 
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? 18.? ????????? ic-ELISA?? GC-MS????? 
  
JJJ
J J
J
J
J
J
J
J
J
J J
JJ
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J
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JJJJJ
0
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0 10 20 30 40 50 60
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 (n
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?5??Lab-on-a-CD?????????? 
5-1.? ???? 
Lab-on-a-Chip ? µTAS (Micro Total Analysis Systems)???????????
????? MEMS?Microelectromechanical Systems????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????? 55)?57)? 
?????????????????????????????????
POCT?Point of Care Testing???????????????????????
????????POCT????????????????????????
???????????????????????????????????
?????????????????Lab-on-a-Chip????????????
?????????? 58)~60)???????????? ??????????
??????????? Organ-on-a-chip?????????????????
??? 61) ~62) ???Lab-on-a-Chip????????????????????
????????????  
Lab-on-a-Chip????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? 3??????
?????????????? 63) ? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????? 2?????
???????????????????????????????????
????????? compact disc?????? 3??????????? 3?
? Lab-on-a-CD ????????????????? 64)?65)?3 ?? Lab-on-a-
CD ? 3 ???????????????????3 ???????????
???????????????????????????????????
  54 
???????????????????????????????????
????????????????3?? Lab-on-a-CD??????????
???????????????????????????????????
???? 66)?67)????????????????????????????
?????????????????????? 
Lab-on-a-CD??????????????????????????????
????????????????????????????enzyme-linked 
immunosorbent assay?ELISA????????????? 1 ????????
???????????????????????????????????
?????? ELISA ?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????Lab-on-a-CD ???poly-
dimethylsiloxane (PDMS)? poly-methylmethacrylate (PMMA)?????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????? 68) ~70) ?????
????????????????????????????? 1 ?????
??? 1?????????????????????????????Lab-
on-a-CD???????????????????????? 
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5-2.? Lab-on-a-CD??? 
???????????????????????????? 3?? Lab-on-
a-CD??????3?? Lab-on-a-CD ? LIGA?Lithographie, Galvanoformung, 
Abformung?process??????????????? CD? µTAS?????
???? 3 ????????????????????????????
PMMA ?????? PDMS ???????????????????3 ??
??????????????????????????????? X???
???????????????????????????????????
???????????????? BL02????????? 
???? 3?? Lab-on-a-CD??????????? 
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????? Lab-on-a-Chip ??????????????????
?????????? S/N?????????????????? 64)????
3 ??????????????????????????????????
????????? Lab-on-a-CD????????????????????
???????????????????????????????????
???????????????????????????????????
???????? 3??????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 65)?Lab-on-a-CD???????????????
???????????? 3??????????????????????
???????????????????????????????????
????????????? 
? 19? 3?? Lab-on-a-CD??????? 20?????????????? 
 
 
 
  56 
 
 
 
 
 
? 19.?  3?? Lab-on-a-CD?????? 
 
 
 
 
 
 
 
 
 
 
 
???????????
??????
??????????
????????????
????
????
??????
???
???
1??
2??
3??
????????????
???
???
???
1??
(PDMS)
2??
(PMMA)
3??
(PDMS)
?????
??
??? ??? ?????????
???????
105mm
 
400µm 
1mm 
反応槽～廃液槽 断面図
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? 20??????? ELISA??????????????????????
?????????????? 10???????????????????
????????????? 
 
 
 
 
 
? 20.? ??????????????  
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? 21? 3?? Lab-on-a-CD??????????????????????
???????? ELISA???????????????? ELISA????
???? 2??????????????????????????????
??????????? 1???????????????????????
??????????? 1???????????????????????
????? 2???? 1?????????????????????2??
???????????????????????????????????
?????ic-ELISA ????????????????????????
ELISA ??????????1 ??????????????????? ?
???????????????????????????????????
????? 
 
 
 (a) 1??????? (b)??? 1?????? (c)???? 2??? 
  ? ????? ? ????????? 
 
 
 
 
 
? 21.? ????????????????????????? ELISA  
? ?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
75µm
? ?：1次抗体 ：抗原（分析対象物） ：酵素標識2次抗体
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5-3.? ?????????????-????????????????? 
5-3-1. ?????????? 
???????????????????????????? 
??????????????????????????????????
???????????????????????????????????
? PMMA ??????????????????????????????
??????? 
PMMA?????????? 2-chloroethyl methacrylate?CEMA??????
??????????????????? P(MMA/CEMA)??????????
P(MMA/CEMA)???????? polyethyleneimine (PEI)?30 w t %?????
??????????????? PEI ??????????? 71????
P(MMA/CEMA)??????????PEI ? 1 ??3 ???????????
????????????????P(MMA/CEMA)????????????
???????? 
 
? 22.?  P(MMA/CEMA)?????????????? 
 
? 23.?  P(MMA/CEMA)????????????????????? 
CH3
O
C=O
(CH2(C)m
CH3
(CH2(C)100-x
CH3
O
C=O
CH3
CO (CH2(C)x
CH3
O
C=O
(CH2)2
Cl
n
(CH2(C)x
CH3
O
C=O
(CH2)2
Cl
(a) (b) (c)
?
?
??
?
?
PMMA CEMA P(MMA/CEMA)
(NH$CH2$CH2)x (N$CH2$CH2)y
CH2$CH2$NH2
+
(N$CH2$CH2$N$CH2$CH2)
CH2$CH2$NH2
(NH$CH2$CH2) X$1(N$CH2$CH2)y$1
CH2$CH2$NH2
Cl
P(MMA/CEMA) PEI
P(MMA/C
P(MMA/C
EMA)
EMA)
P(M /CEMA) 30%ポリエチレンイミン（PEI）
室温，1時間
アミン導入 P(MMA/CEMA) 
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??????????? 
???? X??????(XPS: X-ray Photoelectron Spectroscopy)??????
???X ??????????????????????????????
?????????????MgK??????? 
???????? XPS ?????????????????? 24-(a)??
????????? C1s ???????962.4 eV????????????
?????? P(MMA/CEMA)???PEI ???? P(MMA/CEMA)?????
???? PMMA ??????????? C1s ??????? O1s ????
??????????????PEI?????? P(MMA/CEMA)???? N1s
???????????????PEI ?????????????????
??????? 24-(b)??Cl2p ???????C1s ???????????
??????? 24-(c)? N1s ???????C1s ????????????
????????????????Cl2p??????? PMMA??????
????? P(MMA/CEMA)??????????????????????
???????????????????N1s????????PEI????
P(MMA/CEMA)??????????PMMA??????? P(MMA/CEMA)
??????????????PEI ????? P(MMA/CEMA)??????
??????????????????????? PEI??????(M.W.)?
1800??? 10000, ?30 wt %??????????????? 1???12?
??30??????????????? N1s??????????????
????????????PEI ????????????????????
??????????????????????????????????
??????????????????????????????????
????????? 
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? 24-(a).?  XPS????????????? 
 
 
? 24-(b).? Cl2p?????? ? 24-(c).? N1s?????? 
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No.1: PMMA
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No.3: P(MMA/CEMA), PEI (M.W., 10000) 1hr.処理
No.4: P(MMA/CEMA), PEI (M.W., 10000) 12hr.処理
No.5: P(MMA/CEMA), PEI (M.W., 10000) 30hr.処理
No.6: P(MMA/CEMA), PEI (M.W., 1800)  1hr.処理
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P(MMA/CEMA) ??????  
??????????? P(MMA/CEMA)???????????????
????????????????????????????? X????
?????? P(MMA/CEMA)?????????????? 25??PMMA?
????P(MMA/CEMA)???????????????????????
??????????? P(MMA/CEMA)??PMMA???? X??????
???????????????????????????? 26??3 ??
Lab-on-a-CD???????????????????? 
 
 
(a) P(MMA/CEMA)???? (b)????????  
? 25.? P(MMA/CEMA)????? ????????????????????
 
 
 
(a) PMMA  (b)P(MMA/CEMA) 
 
? 26.  ????????????? 
?PMMA? P(MMA/CEMA)???? 
  
200µm
  63 
5-3-2. ??????? P(MMA/CEMA)????????????? 
??????? P(MMA/CEMA)????? PEI?????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????? 1????
???????????????????????????????????
???? 1????????? 4????????????????????
?????????? 1????????????????????????
???????????????????????????-???????
???????????????????????????????????
???????????????????????????????????
?????????????? 
 
 
 
? 27.? ??????? P(MMA/CEMA)????? 1??????????? 
  
S
NHHN
O
H
N
O
N
O
O
O
O
N
H
N
NH2 N
NH2
NH2
N
NH2
N
NH2 NH2
ClCl Cl
ポリエチレイミン ビオチン-N-ヒドロキシサクシンイミドエステル
P(MMA/CEMA)
HN O
N
NH2
NH
N
NH
N
NH HNO
O O O
N
NH2
NH
N
NH
N
NH HNO
O O O
キャプチャー抗体の集積化
HN O
N
NH2
NH
N
NH
N
NH HNO
O O O
HN O HN O
HN
O
基板へのビオチンの導入
ビオチン
基板へのアミノ基の導入
ストレプトアビジン
キャプチャー抗体
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5-3-3.? ??????????????????????? 
5-3-3-1.? ???? 
?????????? P(MMA/CEMA)?????????????????
????????????????????????? 
?????? P(MMA/CEMA)?? 1 ????????????? biotin N-
hydroxy-succinimide ester?100?g/ml????????????????????
?????????????????????Horseradish peroxidase : HRP??
???????????100?g/ml????????????????????
????????????????????????????? 0.05% tween 
20?? PBS?????????????????????? 
?????? HRP??????3,3',5,5'-Tetramethylbenzidine : TMB?????
???????????????HRP??????????????????
??????? 
 
5-3-3-2.? ??????? 
? 28 ???????PEI ????????????? P(MMA/CEMA) ??
????? HRP ????????HRP ?????????????????
????????????????????? P(MMA/CEMA)?? HRP ??
????????PEI??????? biotin N-hydroxysuccinimide ester????
??????????????????????????????????
???biotin N-hydroxy- succinimide ester?????????????????
????????????? P(MMA/CEMA)???? HRP ????????
????????????????????????-??????????
??????????????????????????????????
??????????? 
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No. 1? P(MMA/CEMA), PEI ??? biotin N-hydroxysuccinimide ester?? 
No. 2? P(MMA/CEMA), PEI ???? biotin N-hydroxysuccinimide ester ?? 
No. 3? P(MMA/CEMA), PEI ???  
 
? 28??????? P(MMA/CEMA)???????????????????
??????? 
 
 
 
 
 
 
 
  
1 2 3
0.10
0.20
0.15
0.25
0.05
0
OD450
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5-4.? Lab-on-a-CD?????????????? G??????? ELISA?
?? 
5-4-1.? ???? 
????? P(MMA/CEMA)??? 1???????????????? 3?
? Lab-on-a-CD????????????????????????????
?? G???????????????????????PEI???????
????? P(MMA/CEMA)?????? 3 ???????????PDMS ??
?????3????????????????? 
????????????????????biotin N-hydroxy- succinimide ester,
?????????????????? 1??????? 5?l???????
?????????????????????1 ?????????????
???????????????????????????????????
?10?l??????????1 ??????????1 %  ????????
??bovine serum albumin ?BSA????10?l??????????????
?????????????????????????????????1 ?
???????? Lab-on-a-CD ?????????????? G ?????
?? ELISA????????????????????????? G?3?l??
???? 2?????? HRP?????? IgG???3?l??HRP????
?TMBZ????10?l????????????1N ?????3?l?????
???????????????????????????????????
?????????????????????????????HRP????
?????????? HR4000?????????????????????
????????? 450nm???????????????????????
?????????????????? 
 
5-4-2.? ??????? 
? 3 ?? Lab-on-a CD ?????????????? G ?????????
??????? 29 ??????????????????????????
??????????????? G ??????????????????
????????????? 29?????????????????????
?????? G?????????????????? 1ng/mL??????
?????? G?????????????????????????? 3µl
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???????????????????????????????????
??? 1 ????????????? Lab-on-a-CD ?? 3 fg/assay?3?10-
12g/assay????????????? G?????????????????
???????????????????????????????????
Lab-on-a-CD ??????????????????????????????  
 
 
 
 
 
? 29?Lab-on-a-CD?????????????? G??????? ELISA
??? 
  
  
?
???
???
???
????? ???? ??? ? ?? ??? ????
OD450
Immunoglobulin G, mouse (ng/assay) 
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?6???? 
? 1???? 5???????????????????????????? 
?????????????????????????????????ic-
ELISA????????????????????????????????
????????? Lab-on-a-CD????????????????????
??? 
? ? 2 ???????????????????????????????
??????????????????????????????????
?????????????? 3 ??????????????????
???????????? 3??? 1,2,3,4,7,7-hexachloronorbornene???
?????????????N-hydroxysuccinimide ???????????
???????????????????????? 3 ????????
????? 9 ????????3 ????????????? in vivo ??
??????PEG ?????????????????????????
?????????????????HEPX???????????????
??????????????????????????????????
?????? ???????????????? DrA-04??? ????
???????? DrB-03?????????????????????HEPX
???????????? DrC-02??? 3??????????????
??, ic-ELISA???????? 
??????????? 2?????????????DrA-04???DrC-
02???? ic-ELISA????????????????????????
??????????????????????????????????
?????????????????????????????????
?????????????????????????????????
???????????????????? 
? 3???????????????????????????????
?????????????????????? E-HyCu® ? 2?????
???????????????matrix solid phase dispersion?MSPD????
????????????????????? 
50% (v/v)?????????????????????????????
??????????????????????????????????
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?????????????????????????????????
???????????????????? 
???????????????????? ic-ELISA ????????
?????????????ic-ELISA ????????????????
?????????????????????????????????
?????????????????????????????????
?????????? E-HyCu®???????????????????
?E-HyCu® ? 2?????????? MSPD?????????????
?????????????ic-ELISA ????????????????
??????????????????? 
? 4 ??????????????? 60 ???????MSPD ????
????????? ic-ELISA?DrC-02????????????????
?????????????GC−MS?????????????????
????????GC−MS???????????????? 34??? ic-
ELISA ????????????????ic-ELISA ??????????
?????????????? 26????????ic-ELISA ?? GC−MS
???????????R2 =0.966????????GC-MS???????
???????????????????????????????? 
??????????????????????????????? MSPD
?????????????? 3????????????????????
????????????????? ic-ELISA?? 2 ??????????
?????????????????????????????????
??  
??????????? MSPD???????????????????
?????? ic-ELISA???????????????????????
???????????????????????????????
www.hro.or.jp/list/agricultural/center/pdf/heptachlor.pdf???????????
???????????????? ?????????????????
????????????????????????  
? 5?? Lab-on-a-CD?????????????????? 
Lab-on-a-CD ???????????????????????????
??????????????????????????????????
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?????????????????????????????????
??????????????????????????? Lab-on-a-CD?
??????????????????????????? P(MMA/CEMA) 
???? X ??????????????????????
P(MMA/CEMA)???????P(MMA/CEMA)?????????????
??????????????????????????????????
?????????????????????????????????
??????????????????????????????????
?????????? 1??????????1????????????
????? ELISA??? Lab-on-a-CD????????????? G??
??????0.003?30 ng/assay ???????????????????
???Lab-on-a-CD ??????????????????????????
?????????? Lab-on-a-CD???????????????????
???????????? 
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